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INVERTED ECHO SOUNDER OBSERVATIONS DURING
THE KUROSHIO EXTENSION REGIONAL EXPERIMENT

Introduction

A major component of the field activities for the Kuroshio Extension Regional Exper-
iment (KERE) is focused on collecting and analyzing data from inverted echo sounders
with pressure gauges (IES/PGs). In this report the collection, processing and prelim-
inary analysis of the IES/PG data and the associated XBT data are described, and
various plots are presented. These data are generally of good quality and constitute a
significant contribution to the understanding of Kuroshio dynamics.

The initial cruise was in July, 1992. Five current meter moorings (CMMs) and
10 IESs were deployed, and 18 conductivity-temperature-depth (CTD)/hydrographic
stations were conducted. Forty expendable bathythermographs (XBTs) were dropped
at IES sites for calibration purposes. Except for 4 IESs, all moorings and CTD stations
lay along a TOPEX/POSEIDON groundtrack. The hydrographic observations included
water samples which were analyzed for salinity, dissolved oxygen, silica, nitrate, and
phosphate. These hydrographic and XBT observations are discussed by Teague et al.
(1993). The CMMs and IESs were recovered in July 1993 and subsequently redeployed,
with the exceptions of CMM A and IESs 9 and 10 which were not recovered. In addition,
IES 7 and 8 were not redeployed. With IES redeployment, 26 calibrations XBTs were
taken.

The four CMMs and the IESs (except for IES 6) were finally recovered in May 1994.
There were 12 additional calibration XBTs at the IES sites. All of the IES data and
the 1993 and 1994 calibration XBTs are discussed here. The CMMs are discussed in
Hallock and Teague (1995).

Background

The ability to monitor and describe fluctuations in oceanic mesoscale features such as
the Kuroshio and associated rings and eddies is essential for understanding the evolution
of such features. Traditionally, this has been done by hydrographic surveys which
are limited to relatively short time intervals, and current meter moorings which are
expensive and exclude the upper layers of the ocean in high-energy regions. More
recently, satellite infrared imagery has provided series of synoptic pictures of sea-surface
temperature where major mesoscale features can often be seen in great detail. The
last technique sees only the surface signature, however, experience has shown that sea-
surface temperature often provides a distorted picture of dynamically significant features

_ and, in some cases, fails to see them at all.

A technique for obtaining time-series of changes in first-mode baroclinic features has
evolved which uses the IES. The IES is a bottom-moored, upward-looking echo sounder,
which records time-series of round-trip acoustic travel time (TT) to the sea surface. The
entire mooring configuration is compact, weighing about 250 1b in air and extending
2 m above the bottom. Changes in the thermal structure of the intervening water
column (i.e. raising or lowering of the thermocline) and, to a lesser extent, changes in
sea-surface height, result in changes in TT. Changes in the depth of the thermocline
are indicative of movement of mesoscale ocean features such as eddies or currents. This
method of acoustically monitoring the depth of the thermocline was first proposed by
H. T. Rossby (1969). The first scientific use of the IES was reported by Watts and
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Rossby (1977).

The IES is moored with an expendable anchor which is jetisoned by an acoustically
operated release mechanism. In principle, IES deployment and recovery procedures
are similar to those used for current-meter moorings. The latter, however, are usually
much larger than an IES and thus fewer current-meter mooring deployments (e.g. 1 -
5) than IES deployment are feasible for a given cruise. Consequently, many IESs can be
deployed or recovered on a single cruise (up to about 25) since deployment requires only
about one hour and recovery about three hours. Deployment and recovery procedures
are discussed by Teague and Hallock (1987). The analysis and interpretation of IES
observations are discussed elsewhere (Hallock, 1987; Teague and Hallock, 1990; Hallock
et al., 1989; 1991; 1993),

Instrument Description

The Sea Data Corporation (SDC) Model 1665 IES weighs about 150 Ib in air; the
anchor adds about 100 1b. The IES electronics package is housed in a 17” diameter
glass sphere near the top of the fiberglass shroud. Additional flotation (a 13” sphere) is
located in the lower part. The anchor line (1/4” nylon braid) is shackled to several links
of stainless steel chain which is, in turn, secured to a hinged pin in an assembly, known
as a “release block”, on the bottom of the shroud. There are electrical connections
through the large sphere to the release block and to the transducer, located on the
top of the shroud. When deployed the IES floats about 1 m above the bottom with
its transducer pointed upward. Tethered to the protective bale around the transducer,
a 10” glass sphere floats about 10 m above the IES. The 10” sphere contains a radio
beacon and strobe which are activated whenever the sphere is rotated from its deployed
position. During normal operation, the IES/PG samples pressure, temperature, ambient
noise and a burst of up to 24 travel times over a period of several minutes during each
sampling interval (e.g. 1 hour).

The Model 1665 IES uses the Paroscientific 10000 psi DIGIQUARTZ quartz pressure
sensor for extreme pressure accuracy and resolution. The pressure channel measures
with a resolution of about 1:1,000,000 (0.01 psi or about 0.6 mb). Ambient noise is
measured through a single WOTAN (Weather Observation Through Ambient Noise)
channel at 10 kHz. Temperature is measured with a 0.1 °C interchangeable thermistor
which has an overall accuracy of 0.15 °C and a resolution of about 0.0007 °C.

IES Data Processing

IES data are internally recorded on cassette tapes. These tapes are normally removed
from the instrument at sea. At NRL, data are transferred in hexidecimal format from
the tapes to disk files on a Sun Work Station in conjunction with a SDC Asynchronous
Reader Interface (ARI) connected to a SDC Model 12B Reader. Engineering data,
recorded every four hours, are then separated from the IES data record. Engineering
data include system voltages, currents, and other information useful for tracking the
performance of the IES. The ASCII encoded hexidecimal data are decoded and stored in
unedited disk files. Each sample in the raw, unedited file consists of 28 variables: time,
pressure, temperature, ambient noise, and 24 travel times. Appropriate calibrations are
applied and the results written to another file consisting of five variables for each sample:
time, pressure, temperature, ambient noise, and a single travel time. The single travel
times were computed using the mode of the Rayleigh distribution (Watts and Rossby,
1977).

Calibration and utility of the ambient noise measurements are uncertain at this time.
No further reference is made to the ambient noise measurements in this report.




Pressure and temperature data were relatively clean and were despiked using a first
difference test. Seven primary tidal constituents (O1, K1, Q1, P1, M2, K2, N2, and
S2) were then subtracted from the pressure series. Resulting detided pressure data
were then plotted and any remaining pressure spikes were manually removed from the
original pressure series. Amplitudes and phases of each tidal constituent provided a
cross check on the absolute time attached to each record. To determine the long term
sensor drift, an exponential function was fitted to the low-pass filtered pressure series.
The resulting exponential trend was subtracted from the unfiltered series.

Some specific problems with the IES/PG data are now described. Long term pres-
sure trends appear to remain in some of the pressure records in addition to pressure
sensor adjustment problems near the beginning of the pressure records. Temperatures
were noisy for IES2 (1992-1993) and also required a +4.8° offset. No pressures and
temperatures were recorded for IES8 (1992-1993) and IES4 (1993-1994). However, this
problem was isolated to one instrument (serial no. 017) which was deployed at site 8 in
1992 and then redeployed at site 4 in 1993. In addition, clock problems resulted in a 5
day gap in the data between day 221 and 226 at IES7 (1992-1993).

Tables provided in this report include IES deployment summaries (Table 1), IES
statistics (Table 2), and XBT positions (Tables 3 and 4). A picture of an IES appears
after the tables, followed by location plots for the data, and then time series plots of
IES travel times (TT), unfiltered IES pressure records, low-pass filtered (40-hour cutoff
frequency) I1ES pressure records, and IES temperatures. XBT profiles are shown after
the IES plots. IES plots are labeled by year and IES number at the top of each plot.
For example, 92IES1 denotes 1992 and IES1. XBT plots are indentified by the XBT
numbers which are given in Tables 3 and 4.
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Table 1: IES SUMMARY

1ES Start Day| End Day| Lat° N | Lon° E |Bottom Pres|Parameters
92IES1| 192.42 538.75 |[36.57 142.07 2650. p;t,tt
92IES2| 195.34 539.71 |[36.20 142.30 3682. p,t,tt
92IES3| 197.38 540.92 |35.72 142.60 4378. p,t,tt
92IES4 | 198.17 542.75 35.27 142.87 5663. p,t,tt
92IES5| 198.46 543.59 |[34.75 143.18 5479. p,t,tt
92IES6| 200.17 544.25 |34.27 143.47 5762. p;t,tt
92IES7| 203.00 539.50 |36.51 142.76 5818. p,t,tt
92IES8 | 202.59 541.54 35.73 143.28 6200. tt
93IES1| 181.59 510.29 |[36.57 142.07 2644. p.t,tt
93IES2| 180.84 510.50 |36.20 142.30 3609. p,t,tt
93IES3| 180.63 509.46 [35.72 142.60 4402. p,t,tt
93IES4| 180.42 509.29 |[35.27 142.87 6000. tt
93IES5| 180.25 508.54 |34.75 143.18 5483. p,t,tt




Table 2: IES STATISTICS

TT

Meter ID | TThn | TTmaz orT T|or| P |op
92IES1 | 0.313 0.330 0.322 0.282E-02} 1.6 | 0.05{ 2650 | 0.3
92IES2 | 0.262 0.289 0.275 0.425E-0211.4) 0.3 {3682 0.4
92IES3 | 0.139 0.175 0.153 0.782E-02; 1.5 { 0.03/ 4378 | 0.3
92IES4 |0.405E-01} 0.722E-01| 0.518E-01} 0.695E-02; 1.7 | 0.02| 5663 | 0.4
92IES5 | 0.321 0.347 0.329 0.389E-02) 1.6 | 0.03| 5479 0.3
92IES6 | 0.278 0.295 0.285 0.237E-02) 1.7 [ 0.03| 5762 | 0.6
92IES7 | 0.166 0.189 0.177 0.326E-02; 1.5 0.00[ 5818 0.3
92IES8 |0.129E-01] 0.462E-01| 0.284E-01| 0.816E-02
93IES1 | 0.311 0.328 0.316 0.293E-02) 1.7 | 0.05 2644 | 0.4
931ES2 | 0.202 0.223 0.211 0.353E-02) 1.5 0.03{ 3609 | 0.3
93IES3 | 0.167 0.194 0.181 0.498E-02) 1.5 0.03[ 4402 | 0.3
93IES4 | 0.350 0.383 0.362 0.568E-02
93IES5 | 0.330 0.357 0.338 0.466E-02 1.6 | 0.03} 5483 | 0.4




Table 3: XBT SUMMARY (1993)

Cast| Day | Lat | Lon |Zmin (m)|Zmax (m)|IES Site
182 | 172.80|36.57 | 142.07 1. 750. 1
183 | 172.8136.57 | 142.06 1. 750. 1
185 | 173.52|36.51 | 142.75 1. 750. 7
186 | 173.53 | 36.51 | 142.75 1. 750. 7
187 | 173.80 | 36.20 | 142.30 1. 750. 2
188 | 173.8036.20 | 142.30 1. 750. 2
189 | 174.91|35.72142.60 1. 750. 3
190 [ 174.92]35.72 | 142.60 1. 750. 3
191 | 175.66 | 35.73 | 143.29 1. 750. 8
192 | 175.67 | 35.72143.30 1. 750. 8
194 | 176.85| 35.27 | 142.87 1. 750. 4
195 | 176.86 | 35.27 | 142.87 1. 750. 4
196 | 177.64 | 34.75 | 143.20 1. 750. 5
197 | 177.66 | 34.75 | 143.18 1. 750. 5
198 (178.3234.27(143.47 1. 750. 6
201 | 178.33 | 34.27 [ 143.46 1. 750. 6
202 | 180.18 | 34.75 | 143.19 1. 750. 5
203 | 180.18 | 34.75 [ 143.18 1. 750. 5
204 | 180.40 | 34.27 | 142.87 1. 750. 4
205 | 180.41]34.27 | 142.88 1. 750. 4
206 | 180.57 | 35.72 | 142.60 1. 750. 3
207 | 180.58 | 35.72 | 142.60 1. 750. 3
208 | 180.76 |36.20 | 142.30 1. 750. 2
209 (180.77|36.20 | 142.30 1. 750. 2
210 {181.49 | 36.57 | 142.07 1. 750. 1
211 | 181.50 | 36.57 | 142.07 1. 750. 1




Table 4: XBT SUMMARY (1994)

Cast| Day | Lat | Lon |Zmin (m)|Zmax (m) |IES Site
1 |[143.74|34.75|143.19 1. 750. 5
2 ]143.75(34.75|143.20 1. 750. 5
3 1144.37135.26 | 142.88 1. 750. 4
4 [144.38]35.27 | 142.88 1. 750. 4
5 |144.62|35.72|142.60 1. 750. 3
6 |144.64|35.72|142.60 1. 750. 3
7 |145.48|36.57 | 142.07 1. 750. 1
8 |145.4936.57 | 142.07 1. 750. 1
9 |145.49|36.57|142.07 1. 750. 1
10 | 145.63|36.20 | 142.30 1. 750. 2
11 | 145.64|36.20 | 142.30 1. 750. 2
12 | 145.64|36.20 | 142.30 1. 750. 2




HYDROPHONE

ELECTRONICS

FLOTATION

RELEASE

ANCHOR

fe——19"——>]

Yy
(==
N\
\\ - // 40"
N -
a B
. \
N /
- S
l,'—#':&_?r:" | Al
I —
P

Sea Data Model 1665 Inverted Echo Sounder.




38N
37N+
36N

35N~

34Nf . \

33N}

32N
14

_lll"fllr\\lllll\lk %IIH

s
S

CoN o b

i

OE 141E 142E

143E

144E 145E




-

oo o 3 oo oo oo 2
™ 10
o o
— L o — [ O
™ rst
—_—
N
P
] — g
o
- L)
N = u 7 B —
,_, - o = o5
— — 10 — -~
gl) N ; < 4
- [
H - S - B
N
o 3
. - . - @
]
o
B
o o
—] = L o — 1
N <
2 2
n
RN R RN RN AR RN RN RN RRERR RN R R RN R AR AT R R RRRR RN RN ALNRRRARRN R ARARRE
o o o o o o o o o o
< (491 N i o << (42] N i o
™ ™ ) ™ ™ ) ™ ™ ™ ™
o o o o o o o o o o

(o®s) I1i » (o®s) Il




92TES2

o

IIIIlllllllIlll!lll (HNANE] L0

o
- -

o

— — O

o™

o

p— — N

N

o

— — O

N

o

in

CELTETTTTITI T TI T T AT T T T I A T I oo0T —
o o o (=] o
o [+, [ee) ~ (0]
(1] N N N N
o o o (o] o

(o®s) 1L

RSN NEN

INURERRNNRNARNENNEE

JELLLILEL

0.300

TTTTITTTIT

o
N
~N
o

FITTITTTT

o
@
N

o
(oes) 1i

CETETTT

0.270

ITTITTTTT

0.260

450 500 550
Time (days from 1 Jan 92)

400

350




92TES3

FTHEETTT

0.175

HTTTTETTT

0.165

IRRLLLLAL

o

(oes) IL

IRRRLLL

0.145
0.135

350

300

250

200

150

IR RENE

[AENARNNE

RANNANNN

FETTTTET

TETTTTTT

RRRLLARR

) in in

~ o N

i - —

=} (=} o
(oos) I

FITHTTETT

0.145
0.135

450 500 550
Time (days from 1 Jan 92)

400

350




921IES4

NS NEE]

111

|

FETTTTTTT

0.0710
0.0635

FTETTTITT

0.0560

(o°s) Ix

RRRRRERERI

0.0485

0.0410

350

300

250

200

150

LILETI PRl Rugbegty IHIHIIIIUHIIHI

0.0710

0.0635

0.0560

(o°s) 1L

FTETTTENT Illllllll|IHIIIII||ITHIHH

0.0485

(=]
[Tg]
N
o

— O
n
o

— i
<
(=

— O
<

-
o
n
™

o

L

<

o

o

Time (days from 1 Jan 92)




92IES5

HWIHTIIIHIIHIIHHHHIIIIIIIHI
(=4 o o (=4 o
©o 1N < ™ N
™ ™ (o] ™ ™
o o o o o

(o®s) &Ll

350

300

250

200

150

PLLETELE]

FREEREEN!

0.360

KNNASRNNANNERENETN
o =)
10 <«
(1] [12]
(=] o
(o®s) &L

BRI AR AR AR RN

0.330

0.320

450 500 550
Time (days from 1 Jan 92)

400

350




92IES6

PILLLEELS

IHENNERENEEN] 111

LIEELETLN

FEETTTTTT

PETTTTTR O ITTTTTTTT

PEETTTTTT

o o o o o
Ll o )] (=) r~
™ ™! N N N
o (o] o o o

(o°s) &I

350

300

250

200

150

IRENNEERN

(TSN NNRNURNNNNET

LELLIITEN

| I
450 500 550

Time (days from 1 Jan 92)

I
400

TITTTTTT

0.310
0.300

TTTTTTTTTITTEIT T aT

o
N
N

o
(o°s) Il

(TETTTTTT

350

0.280
0.270




92IES7

IIJIIIIIIIIIIIIIIII IBENANE

I

i _
TTTTTTTIT I TR I I T i T ra I Irierih
(= o o o o
=) N © r~ O
N ™~ ~ L L
(= (= o o o

350

300

250

200

150

[IEENNNENEENSNRRRRT IIIIIIIIIIIIIIIIIII

0.200

0.190

o
©
-
o
§)

I I
450 500 550

Time (days from 1 Jan 92)

I
400

'

INRRARAAR

0.170

350

0.160




92TIESS

PLJLLILLD Illllllllllllllllll LIfELERL]

0.050

IRERRRAA

TTITTTTITITT I TT T

o
<
o
o

o
(o®s) 11

TTTTTTTTI

0.020

0.010

350

300

250

150

lllllllll]lllllllll lllllll[lllllllllll

! I
450 500 550

Time (days from 1 Jan 92)

l
400

0.050

HARRRRL

TERTTTTTTTVITITITTd

o
<
o
o

o
o0
o

o
(o®s) il

0.020

0.010

350



93IES1

ISARNENEE lllllllllJHlllll Litteitinig

HIIHIII]IITHHH T
o o o o o
< ™ N i =
o (4] ™ [\ ™
o o o (=) o

350

300

250

200

150

NI AN N RN E NN NN NN ER RN RN EREEE]

IARRRARRARRARRARRA R AR -

o o o o o

< ™M N i o

(¢2] ™ (42 o [42]

o o o Qo o
(o®s) 1L

450 500 550
Time (days from 1 Jan 93)

400

350




93IES2

I

IERNENARERENRN

[NANNREE

NN REEN

350

[
300

I
250

|
200

0.230

FETTTETTTITTITTOTTT

o
N
N

o

o
i
N

o
(o®s) L1

TTTTTTTTT

0.200

PRTTTTTTT

0.190

150

ENNERNNE

AUNERNSNRANNREENEN

RNNRNEN

0.230

TTTTTTTTT

ITHTTTITTITTITITTTT

0.220

(=]
i
N

o
(o®s) &Ll

ITITTTTTY

0.200

0.190

450 500 550
Time (days from 1 Jan 93)

400

350




93IES3

IENERRNNE]

[AENENARRRNERATENEE

IHENERENN

0.200

IRRARRARL

TEPTTITTEPTTTTT T

0.190

.

o
(oes) il

LRRERARL

0.170

0.160

350

300

250

200

150

(IERNARENEENERNARNE| llllllllLlllJIlllll

RRERERRER RO ERR RN R AR AR R R AR

o o o o Q

o ()} o] r~ O

N - 4 v =4

o o o o o
(o®8) Il

450 500 550
Time (days from 1 Jan 93)

400

350




93IES4

[ERENENEN

JIENRNNNN RN RERNaN]]

IENNERANA

350

!
300

|
250

l
200

0.390

CETTTETTT

ITTTTTTTTIITTTIoT ]

2]
(3]
o

0.360

PITTTTTTT

150

0.350

INERNRENE

HUNNEENN RN NN

ANNRNEEE

0.390

TTTTTTTTT

o
[
o

o

FETTTETTTTITTITTTT

o
r~
[12]

o
(o®s) 1L

T

0.360

| !
450 500 550
Time (days from 1 Jan 93)

I
400

|
350

0.350




93IESS

TR R T r e p e e eyl
(=4 o o o o
o N < ™ N
™ ™ (2} (42} ™
(= o (=] o (o)

(oes) Ig

350

300

250

200

150

IIRRENEN

HENEEN RS

[ENARENNT

IHIEEREEE

0.360

0.350

NERAREAAI IIIIIIIIIIIIIIIIIH

o
<
(32}

o
(o°s) Ii

PTTTTETTE

p——

0.330
0.320

450 500 550
Time (days from 1 Jan 93)

400

350




(z6 uepr T woxy sihep) suwty

0SS 00Ss osv 007 0GS€E
1 ] 1 ] | | L | i | A A A . | evoz
l — 6v9Z ¥
] - 13
7]
H | i _M _u_ ! i H .
- | _ i I - ! ! _ﬁ | m
; | | _ M 059z 8
| 1892
I 1 T I ~ I I i | _ T | T i _ _
0G€E 00€ 0se 00¢ 0ST
1 I i 1 | 1 1 1 I | 1 1 | | | 859z
; — 6v9z [V
-] = 0
! _ B @
, | | 104 ,_ _ ,,_ | —
Rt HUL 1 | ‘ : - m
4 | | il — o059z X
| 1592
_ 1 T T T _ T I I 1 ~ T T I T

TSHIZ6




0SS

(z6 uep 1 woxzy sdep) eutl

00S osv
_ 1 1 1 ! _

oov

0GE

_
A

¥

IZ6

189¢

289¢

(zeqp) sexg

P89¢€

189¢

v89¢€




0ss

00s

(z6 uepr 1 wox3z sAep)
01°4

duwTy

oov

0S¢

0GE

00¢

£€SHIZC6

oLEY

8LEV

6LEV

9LEY



(26 uep T woxy sdep) ouwty

0SS 00§ 0S¥ oov 0G€
g 1 1 | | _ ] 1 i 1 _ _. | 1 1 — 1 ] | 1 Nwwm
H 4 Ify | | | | _ “"‘ %
) - B
— — po9g B
| T T 1 _ I T ! | _ T ] | 1 _ T T I | mwwm
0G€E 00€ 052 002 0GT
] i ] 1 i _ 1 1 1 | _ 1 1 | ] _ 1 i 1 | N@Wm
— | | f — €996 17
I __ i — e
- ~ _ B 73
- ™ m
— — 996 B
T { 1 1 ~ T I I i _ T | T T _ T 1 I I mwwm

VSHIZ6




0SS

00s

oSy
_ !

(z6 uer 1 woxy shep) eury

oov

0s¢e

8LYS

6LYS

0Ge

_ T
GSHIZ6




(z6 uep T woxzy sdAep) LwTy

0SS 00S oSV 00¥% 0S€

1 i 1 1 _ | 1 _ 1 1 1 L _ [} | Hmh.m
- | | I—z2oLs §
i (I 8
-] i |
_ | ,_ | - :
n _ , __ B E
— 1M | | —¢c9LG B
_ ‘ | i N
| | voLs

1 i 1 T _ T T _ | 1 T i _ 1 ]
0GE 00€ 062 002 0ST

1 1 1 1 | 1 1 | 1 ] 1 i | 1 ] 19LS
L b
. W,._ :_ _ B d
N H i __ i | IINWN.m N

i ' q | ,_u T h - a

4 | i
) . §
] —€9LG B
| | voLs

| L | T _ I ] _ I | 1 i _ 1 1

9SHUIZ6




0SS

00S

(z6 uepr 1 woxy shep) ouwty

0S¥y 00v

_ | 1 | ! _ i

818S

918¢

618G

_ T T T T T

LSHIZ6




00s

(€6 uer 1 woxy sdAep) swry
(14 4 oov

L | _ 1 1 | 1 _ |

13 4°k4

vvoe

T
(zeqp) seaxg

0Ge

T
(zeqp) soxg

9v9¢2

1 T _

TISHIE6

I T T _ T




0SS

oos

(c6 uep 1 woxy shep) osurg
034 4

oov

0GE

0GE

T T _ T I

CSUIEG6

809¢€

TT9¢€

809¢



0ss

(€6 uepr 1 woxy siep) owty,

1]) 4
| L L

oov

0S¢t

TovV

covy

vovy

oS¢t

lJlJIIlIIIJJJL

110144

vory

_ T T

€SHIEG

(xeqp) sox4g

(xeqp) soxd




0sq

00¢

0]}
|

(€6 uepr 1 woxy shep) surty

ooV

0Gs€E

0G€

GSHUIEG6

43 4%

£8¥S

(zeqp) seag

q8vS

[4:3 4



0SS

00s

(z6 uer 1 woxy sdep) sury
(0325 4

ooV

0G¢E

_
TSHIZ6

8v92

8v9¢

(zeqp) soadg




(z6 uer 1 woxy sdhep) outy

0ss 009 osv o0V 0G¢E
| ] | | _ I 1 1 i _ 1 1 i 1 _ ] i 1 | -Hmmm
— — 289¢ Y
| i<§§| %
j - b
— — €89€ B
i | vgog
I I 1 T _ 1 I T I _ i 1 I 1 _ I I T I
0g¢€ 00€ 062 002 0ST
1 H 1 { _ i | 1 ] _ | 1 | 1 _ 1 1 i } Hmwm
i N e VP o - ]
7]
- - §
— — €89 B
i I i 1 — I T I T _ T T T T T T I T vmmm

¢SHIC6



0SS

00S

(z6 uer 1 woxy sdep) swrl

(1]°) 4

007

0GE

_ I
£SHIZ6

ILEY

6LEYV

oLEY

(zeqp) soxg

6LEY




0GS

00s

(z6 uer 1 woxy shep) ewty
0S¥

| L ~ 1 1

oov

0G¢

T I _ T I

vVSHIZ6

¢99¢

(xeqp) soxg

G996

¢99¢



(26 uep 1 woxz sAep) surty
0SS 00S (1137 00%

| 1 1 1 _ | | 1 I _ | i | /| _

oS¢t

8LYS

8¥%S

8LYS

8vs

T ! T T _

_
GSHIZ6




oGS

(z6 uer 1 woxzy skep) esurtg
00§ (1]

_ | ! i ] _ | {

oov

0s€e

T9LS

poLS

0G€

00¢ 0se

T9LS

— T T I T _ T T

9SHICZC6




0ss

00s

(z6 uep 1 woxy sihep) suty

oSy
| !

oov

0GE

918%

6186

ose

91864

_ T
LSHIZ6

(xeqp) sox4g




(€6 uer 1 woxy sAep) owrtg

00¢% oSV 010} 4 0G¢g
[ | |
| i { ! 1 i 1 1 )] 1 1 i i mVWN
B s
- §
—Gp9z B
| 9v9z
1 _ I I 1 | _ 1 | I T _ ) | 1 1
00€ 0se 002 0ST
1 _ 1 1 1 i _ 1 1 1 1 _ 1 1 1 |
€V9Z
-
-8
—syoz B
T 1 T I T _ 1 T | | T T I T WQWN

TSHIEG6



(€6 uer 1 woxy sdep) ourty

0SS 00s

013 4
| 1 !

oov

0S¢

809¢€

T
(zeqp) soxd

I19¢€

809¢

119¢

_
¢SHIE6




(€6 uep T woxy sdep) ouwrty
0SS 00Ss oSv oov 0seg

1 1 1 1 _ 1 1 | | _ 1 | 1 1 _ 1 1 1 1

0%V

I
T
(xeqp) soxg

10v¥

T T I I I T T T _ 1 I I I _ ¥ T T T

€SHIE6



(€6 uer T woxy sdep) auwrl
0SS 00¢ (1147 oov 0G€

1 1 1 1 _ 1 1 I | _ | | | 1 _ | 1 1 1

[4:1 4%

|
T
(zeqp) soxd

111 4%

(4:34°)

a8vS

l T T T _ T T T I

_
GSHIE6




92IES1

lllllllllllllllllll

Illlllllllllllllllllllll “O) 1111
m
o
— _— —
o
(=
— Y —
~N
o
—_ — O —
N
(=}
l]]lllllllllllllllllllll 2 |II||
o o (= o o o o o
)} «© [ @ Te) < (=] (o0]
i - 4 -t - i - ~

(0 beg) dueg

lllllllll]lllllllll

o o o o
r~ O in <
L) ~ !

(0 Beq) duweg

450 500 550
Time (days from 1 Jan 92)

400

350




llJIllllllllllllll

I

92IES2

ITIIIIIIIlIIIIIIIIIIIIII

o (= (=] o o

(=) @ ~ ©o N <
L i ~ L i

(0 beq) dwey

350

300

250

200

150

llll'l[lllllllllllllllll

o
(>}

i

o
@

L)

IIIl]IllIIIIIIlIlII

o o
-~ o
i i

(0 beq) dweg

550

500

Time (days from 1 Jan 92)




92IES3

IIIIIIIJIIIIIIIIIIIIIIII

|

Illlllllllllllllllllllll

o o o Q o o
()] [e¢] - o n <
~ - i L i

(0 boq) dusg

350

300

250

200

150

lIIIllIIlIJlIllIlllll

IIIIIIIIIIIIIIIII

o o o o
()] (e r~ ©o
i L L

(0 baqg) duwsg

o
n
[Te}
o
- S
n
o
— 10
<
o
— O
<
o
T -
o o
0 <
L]

Time (days from 1 Jan 92)




92TES4

v b b b 8
™
o
— — O
™
R
i )
— —
N
- L
o
— — O
N
o
ERERERRERREREERERE R -
o o o o o o
(+)) @ r~ © n A
L L - i L

(0 boq) dweg

llllllllllllllllllllllll

llll||III[|IIIIIIII|IIII
o o o o o

(o)} o ©~ o n <
- - - L] - i

(0 Boq) dueg

450 500 550
Time (days from 1 Jan 92)

400

350




92IESS

llIlIIllI'lllIllIlllllll

l

350

|
300

|
250

I
200

o
[+))

o
o)

.

4

o (=]
r~ ©0
- i

(0 beq) dueg

Illlllllllllllllllllllll

o
n

.

L

150

o
<

Illlllllllllllllllllllll

I |
450 500 550

Time (days from 1 Jan 92)

l
400

o
(=}

o
(o)

La]

o o
~ O
- —

(O beqg) dweg

IIII'IIIIIIIIIlIIIIlIIII

o
n

i

350

o
<

|




92IES6

lllllllll'llll[lllllllll

. T

Illlllllllllllllllllllll
o (=} o = o o
[} © r~ o N <
~ — — — — !

(0 boq) dueyg

350

300

250

200

150

Illlllllllllllllllllllll

IIIIII|II|IIII|IIIIIIIII

o o o o o (]
N (o] -~ ((e] n <
- (] i ~ i

(0 beqg) duwsy

550

450
Time (days from 1 Jan 92)

400

350



92IES7

EENEENENE SRARE ARNRI NRE a

™

o

— — ©

3¢

o

— — ©

N

o

—] — O

N

o

AR RN R RN R
o Q o o o o
(=3} [=o) ~ o 0 -
~ ~ - i :

(O beqg) dueg

Illlllllllllllllllllllll

|
e sun au L

Lid o lute )

A Yt

™ry

— i

i

.

}

4

p— 2

1

3

3

. E

3

3

}

4

N 1

3

1

o

3
lllllllllllllll]llllllll
o o o o o o
o © ~ 0 0 <«
- - — - -

(0 beq) duweg

450 500 550
Time (days from 1 Jan 92)

400

350



93IES1

b b b b
T T T[T T[T 7T]
o o o o o o
o ® ~ © 0o
- - - - '

(0 beq) dueg

350

300

250

200

150

llllllllllllllllllllllll

o
N

L

II1I]IIII|IIII|I!II|IIII

o o (=] o o
(2] - © N <
- — ! i v

(0 beq) duwey

450 500 550
Time (days from 1 Jan 93)

400

350




93IES2

lllllllllillllllllllllll

Illllllllllllllllllllllr
o o o o o (=]
N o] ~ QO n <
L] i L vl - L]

(0 beq) dusg

350

300

250

200

150

llllllllllllllllllllllll

o
N

o
(o)

i

o o
r~ O
- ~

(0 beq) dweg

IIIIIIIIIIIIII!III[III]I

o
[Te]

.

L]

o
<

450 500 550
Time (days from 1 Jan 92)

400

350




93IES3

[llllllllllllllllllllll

T]llllllllll!lllf[llllll
o o (=) o o =
o w r~ o n <
vt L L L] i

(0 beq) - dweyg

350

300

250

200

150

llllllllllllllllllllll

llllllllllllllllllllllll

o o o o o o
()] [+ o] ~ L+ n <
) L =i L) Ly

(0 beq) duweg

450 500 550
Time (days from 1 Jan 93)

400

350




93IESS5

lllllllllllllllllllllill

o
(o))

(=]
Q

-

o o
-~ o
— a

(0 beq) dueg

llllllllllllllllllllllll

o
n

-

o
<

i

350

300

250

200

150

IIIIIIIIIIIIIIIIIII

L1t

[ l
450 500 550

Time (days from 1 Jan 93)

I
400

o
(o)}

o
o

L)

o o
r~ o
L) —

(0 Beq) dweg

IIIIIIIIIIIIIIIIIIIIIIII

o
n

-

350

o
<

i



0""1 0 I""l"%"'
5

’~200 1 ,‘200 S 1

g | E {

ﬁ 400 ] ﬁ 400 .

Q, Q,

[ V)

A 182 A i 183
600 - 1 600 - ]
800 . it 800 L . ..oooviiii i

0 5 10 15 20 25 0 5 0 15 20 25
Temperature (deg C) Temperature (deg C)
0“"\"“[""{ o

200 ] 200
E E
ﬁ 400 1 ﬁ 400 1
Q, Q,
Q Q
(& 185 (o] 186
600 600 1
800 . ... ooviiiiiiiii, 800 L. ... oottt
0O 5 10 15 20 25 0 5 10 15 20 25

Temperature (deg C)

Temperature (deg C)




Depth (m)

Temperature (deg C)

J
200 {
o~ /
g /
~ J
< 400 i
e
Q,
Q
a - ) 187
600+ /
800 L i
0 5 10 15 20 25

600 -

800 .

!

|

|

0

0 15

5 1
Temperature (deg C)

20 25

0 ”;;ka%'”
/
//
200 ;
g /
J
S 400
B, |
v i
& s 188
600+
|
{
800 L . ..ot
0 5 10 15 20 25
Temperature (deg C)
0 T ¥ J“y"
200
E
§‘400
]
(& » 190
600 -
800 L . .. . . i,
0 5 10 15 20 25

Temperature (deg C)




Depth (m)

Temperature (deg C)

T"\“"I""\""y"'
0 -
/
200 pd
g
g 400
B
Q,
Q
A 191
600+
800 . vt
0 5 10 15 20 25

N
o
o

-
o
o

2))
o
o

800 L

0O 5 10 15 20 25

Temperature (deg C)

0] ' ' “;}”'
///
200 ///
z i
s w0l S
P
B, /
(e 192
600 -
/
800ll\v]lll\‘\lwillllkl\\ll
0 5 10 15 20 25

Temperature (deg C)

Depth (m)
[~
o
o

600

800 |

195

0

5

10 15 20 25

Temperature (deg C)




Depth (m)

o[
/
/
200 /
G
< 400 //
2, /
Q
a » 196
600
800 .. . ... .
0 5 10 15 20 25

Temperature (deg C)

'Y
o
o

(o))
o
o

-/
800 L.

0 5 10 15 20 25

Temperature (deg C)

0 "“'k;J”
200 /
E: /
/
ﬁ 400 //
& /
] Y,
A / 197
600+ /,
b “/’
800 . ........ . o
0 5 10 15 20 25
Temperature (deg C)
0' T T LA
200 1
C! |
< 400 /
e} /
a, ]
q, /
A - 201
600
' /
_ £
800 .. .. ... i,
0 5 10 15 20 25

Temperature (deg C)



Depth (m)

Depth (m)

0.‘ L B A B i"'/y‘-
/
200+ / i
/]
400 1
202
600 .
800 FEPEETEETU S SR A U T ST SN WA U T
0 5 0 15 20 25

Temperature (deg C)

o
o
o

800 L.

0O 5 1

0 15 20 25

Temperature (deg C)

o 111/
200 .
€
S 400 ///
)
Q,
o) 4
a i /203
600 - (/
800.‘-xl«.ulktjul....[...x
0O 5 10 15 20 25
Temperature (deg C)
0 o
200 ]
E
< 400 .
s
foF
Q
(o] s 205
600 - 1
8000 .. i,
0O 5 10 15 20 25

Temperature (deg C)




N
o
o

Depth (m)
>
o
o

600

800 L .. ..

206

PRI R

0

Temperature (deg C)

5 10 15 20 25

N
o
o

Depth (m)
[~
o
o

o)
o
o

8000 .. .. .

P R B |

0

5 10 15 20 25

Temperature (deg C)

o

N
o
o

Depth (m)
'Y
o
O

600

800 .

////
7
/

!

0

5 10 15 20 25

Temperature (deg C)

N
o
o

Depth (m)
=Y
o
o

600 r

800 L.

llllllllllllllllll

209

0

5 10 15 20 25

Temperature (deg C)




Depth (m)

oI
//

200 f/ —
400 3 -
| E 210
600~ . |

N

/
800 PPN SR AT RTINS N SN T TN S S SUC S S G SR U S
0 5 10 15 20 25

Temperature (deg C)

Depth (m)
>
o
o

600 -

800

pogr by

| U ST S AU S S

211

0

5

0 15 20 25

Temperature (deg C)




Depth (m)

Temperature (deg C)

J
200
E
L 400
B
g I
& I 7/ 001
600 g//
800 . ... it
0O 5 10 15 20 25

600 |

800 L.

0 5 1

0 15 20 25
Temperature (deg C)

0 ‘ R
S
200 [
— r
g /
L 400 /
R
Q,
g 002
600} _/
800 . i
0O 5 10 15 20 25
Temperature (deg C)
0 '///7
200 1
E
S 400
)
7]
A 004
600+
800 . ... oot
0 5 10 15 20 25

Temperature (deg C)




0* T T [/I// 0 T T T ”{/y"
200 200 .
£l E
< 400 & 400 / ]
a B,
0" 0
(& 005 A i 006
600 600 - |
L
800 ........ Lo doe s v v bg 1 800xx-xl---nl‘.,,1‘1..l<.x,
0] 5 10 15 20 25 0 5 10 15 20 25
Temperature (deg C) Temperature (deg C)
0 0
200+ 200 .
E E
§‘400- §‘400 .
Q0 [}
Q » (@] »
600 600+ i
800 | 800 . . o
0 5 10 15 20 25 0 5 10 15 20 25

Temperature (deg C) Temperature (deg C)




0 f
200 (§
E
L 400 1
]
oF
1)
A 009
600 g
800 .. .. ... ...
0 5 0 15 20 25
Temperature (deg C)
or
200+ ]
E
< 400 7
4
Q,
Q0
(@]
600
800 ... .. ..v. il
0 5 10 15 20 25

Temperature (deg C)

Depth (m)

Depth (m)

0 T T 1/
i Ve
200+ //
400
i 010
600 -
8000 ]
0 5 10 15 20 25
Temperature (deg C)
OL/f
200 /
400
012
600
800n--nlnxul»‘--l:AA.l‘A..
0 5 10 15 20 25

Temperature (deg C)



